Vanadium pregnant solution recovered from the Syrian Petroleum coke by means of salt roasting was acidified by dilute sulfuric acid. Solvent extraction of tetravalent vanadium with a mixture of di(2-ethylhexyl) phosphoric acid (DEHPA) and Tributylphosphate (TBP) was carried out. Kinetic effects are involved in competitive extraction of other metals such as iron and aluminum.
Introduction
Vanadium is commercially important as a constituent of several alloys and catalysts. Nowadays, Vanadium is mostly recovered as a co-product from secondary sources or from industrial waste streams such as titaniferrous magnetite, fly ash, spent catalysts and petroleum coke.
Toyabe et al. [1] , Gupta et al. and Remya et al. [2] [3] [4] they claim that solvent extraction is one of the techniques being increasingly used for the recovery of vanadium. A survey of literature Biswas et al. [5] , Hirai et al. [6] , Brunette el al. [7] and Zhang et al. [8] showed that organophosphorus acid derivatives such as di-2-ethylhexylphosphoric acid (DEHPA) are the most convenient extractants for tetravalent vanadium. Saji and Reddy [9] indicated that mono-2-ethylhexylester (EHEHPA) have been widely used for the extraction of vanadium (V) from both acidic chloride and sulfate solutions. Among the neutral organophosphorus extractants, tributylphosphate (TBP) have been used for the extraction of vanadium (V) from hydrochloric acid solutions, Tedesco and De Rumi, [10] . Tetravalent vanadium can be extracted by acidic organophosphorus reagents, e.g. (DEHPA), an extractant used by ORNL Crouse et al. [11] and Ryon et al. [12] . R. C. Merritt [13] indicated that, solvent extraction of vanadium from sulfuric acid solutions is possible with an organic phase containing from 3 to 10 percent DEHPA and from 2 to 5 percent TBP in kerosene base, the actual content being varied depending upon the vanadium content of the feed solutions. Six stages were needed in the extraction circuit.
The purpose of this paper is to evaluate the conditions of a selective solvent extraction of vanadium (IV) recovered from the Syrian petroleum coke with a mixture of DEHPA and TBP in kerosene.
Experimental

Materials and methods
Tributyl phosphate (TBP) 99% purity and Di(2-ethylhexyl)phosphoric acid(DEHPA) 99%, were supplied by Merck. Kerosene with a flash point of 76˚C used as diluent supplied by Pemco Chemical AB, and contained less than 0.5% aromatics.
An Orion (USA)720 ion analyser was used for the pH measurements. A Perkin Elmer Analyst 100 atomic absorption spectrophotometer (AAS) was used for metal ions determination in multi component mixtures.
Petroleum coke produced at the Syrian refineries was roasted with sodium carbonate, more than 60% of vanadium was recovered in multi stages with distilled water. The obtained leached solution was concentrated by evaporation and acidified by diluted sulfuric acid. Vanadium and the main impurity contents in the leached solution are represented in Table 1 . Solvent extraction and stripping experiments were carried out by shaking required volumes of aqueous and organic phases in separatory funnels. Preliminary experiments showed that the extraction equilibria of vanadium (IV) in sulfuric acid solution with TBP/DEHPA in kerosene were attained within 3 to 4 min. Vanadium (IV) was analysed spectrophotometrically as Vanadium (V) after oxidation by nitric acid using hydrogen peroxide as a complex agent, Ryon et al. [12] . The content of the metal ion in the organic phase was then obtained by mass balance. The extraction distribution coefficient (K d ) is defined as:
ion concentration in organic phase metal ion concentration in aqueous phase
The batch type counter current extraction and stripping experiments were performed using separatory funnels of suitable volumes.
Extraction of vanadium (IV) with DEHPA.
The extraction of vanadium in its tetravalent state from a weakly acidic solution by DEHPA (HA) may be represented by the following cation exchange reaction, Brunette et al. [7] .
It may be commented that at constant pH the distribution factor increases with the metal concentration at moderate loading of the organic phase. The dependence of extraction on pH and reagent concentration is positive as indicated by the given reaction, provided that a high extraction yield is obtainable in a multistage system. The importance of the kinetic conditions are involved and highlighted when competitive extraction of other metals is taking place. Tri-butyl phosphate (TBP) has been added to the organic phase as diluent modifier to improve phase separation characteristics. Chemical effects of TBP on extraction of vanadium (IV) in the present operation conditions are negative but small in magnitude. Moreover, DEHPA is an acidic extractant, forms a salt with vanadium, and TBP solvates this. The mechanism is thus similar to that of extraction by TBP alone. In most cases the effect is only observed at fairly low acidities, since otherwise the acidic extractant could not form a metal salt [14] .
3 Results and discussion DEHPA and TBP in amounts corresponding to a composition of 20% (v/v) and 15% (v/v) respectively in kerosene were prepared. Acidification of the loaded leached liquor characterized in Table 1 was carried out by diluted sulfuric acid. Liquors of pH: 0.5, 1.0, 1.5, 2.0 were prepared. Vanadium extraction tests showed that to obtain a significant extraction of vanadium pH value of the leached solution must be about 1.5 to 1.8 and it's oxidation potential between 250 -300 mV relative to a saturated calomel electrode. That is, most of the iron reduces to the ferrous condition and all vanadium to the tetravalent form to accomplish a separation between constituents in solvent extraction. Chemical analyses of Fe I I and Fe I I I in the aqueous solution indicate that ratio of Fe I I I /Fe I I is 1/100. It is well known that Fe I I I is extracted by DEHPA and its distribution factor is higher than that of V(IV). However, the extraction kinetics of Fe I I I is slow [3] . The extraction of Fe I I is very low. Thus, provided the extraction kinetics for V(IV) is fast enough. A selective separation from iron in the leached solution with DEHPA might be possible.
Extraction kinetics
Tests were carried out using organic phase of DEHPA (20% v/v) and TBP (15%v/v) in kerosene and aqueous phase of pH = 1.5. The parameters studied were the temperatures (25, 40 and 60˚C) and the mixing time (15, 45, 90, 120, 180, 240, 300 and 600 sec). Organic and aqueous phases were mixed well to produce a homogenous mixture. A complete separation was carried out in a centrifuge at a predetermined temperature. The parameters studied were the initial pH value and the temperature. The simultaneous extraction of vanadium, iron and aluminum in terms of the extraction distribution coefficient as a function of time is represented in Tables 2, 3 , and 4. The back extraction phenomenon is caused by the competitive extraction of iron and aluminum. The extraction of iron and aluminum will continuously acidify the aqueous phase and after some time the metal will significantly load the organic phase. These effects will adversely influence and subsequently decrease the vanadium extraction.
The higher the temperature the less time is available for vanadium to be extracted due to the fast extraction of iron and aluminum. This is obviously not compensated for by the increased distribution coefficient for vanadium, as the levels for the respective minima in Fig. 1 are higher for higher temperature. Thus, it is more advantageous from a chemical point of view to perform the extraction at a temperature in the interval between 25 and 40 0 C. Furthermore, the extent of extraction of iron and alu-Tab. 2. Extraction of vanadium, iron and aluminum with 20% DEHPA+15% TBP as a function of time at 25 o C. Initial feed pH is 1.5. minum will be much less in the given interval, as is shown by the kinetic data in Tables 2, 3 and 4. It is essential to keep the contact time as low as possible in order to minimize the extraction of iron and aluminum. 
Solvent Extraction
Equilibrium data at 25˚C for the extraction of vanadium from a representative feed solution with 20% DEHPA and 15% TBP is presented in Fig. 2 , different phase ratios of organic/aqueous have been mixed at 25 o C for 4 minutes. Vanadium was determined in both phases after phase separation by a centrifuge. The MacCabe-Thiel construction indicates a yield of approximately 80% with three theoretical stages at a flow ratio of 3:1 (organic to aqueous) with a residence time of about 4 minutes.
Vanadium is stripped under moderate acid conditions with 1.5M H 2 SO 4 . The kinetic conditions at 25˚C are such that equilibrium is reached in 10 to 15 minutes in batch experiment. Somewhat longer residence time is therefore needed than the extraction section. The kinetic for iron stripping is slower compared to vanadium. To insure sufficient stripping capacity to prevent accumulation of iron in the organic phase, a high residence time will be used. The stripping yield increases with acid concentration, which will be about 6 M.
Stripping of vanadium and iron to the same solution according to figure 3 is being tested. Where, most of vanadium is stripped with a solution made by dilution of the strong acid solution from the following stage for stripping of iron. The organic solution is then washed with water to recover extracted and entrained H 2 SO 4 .
Precipitation of vanadium in its tetravalent state from the pregnant strip solution at a pH of 10 to 12 with ammonia was carried out. Iron will also precipitate under these conditions. Table 5 shows the ammonia precipitate vanadium composition after through washing and drying. Precipitation with sodium carbonate is not favourable with too high sulfate content. Where, ammonia sulfate may be eliminated by calcination and will yield a rather pure product (less iron impurity). 
Conclusion
Using DEHPA/TBP in kerosene composition as a solvent for vanadium extraction from acid sulfate media the following should be considered:
• Vanadium should be tetravalent.
• Iron must be reduced to its bivalent state before the extraction stages to minimize its extraction.
• The temperature of the extraction stage may be between 25 and 40˚C however, too high temperature is negative because of excessive iron extraction.
• A closed process cycle has been proposed for partial extraction of vanadium. 
